Abstract. We report on a multi-band survey for very low-mass stars and brown dwarfs in the Lupus 3 cloud with the Wide Field Imager (WFI) at the ESO/MPG 2.2 m telescope on La Silla Observatory (Chile). Our multiband optical photometry is combined with available 2MASS JHK photometry to identify 19 new young stars and 3 brown dwarf candidates as probable members of this star forming region. Our objects are mostly clustered around the cloud core. Stars and brown dwarfs have similar levels of Hα emission, probably a signature of accretion. One object, a brown dwarf candidate, exhibits a near-infrared excess, which may indicate the presence of a disk, but its Hα emission cannot be confirmed due to its faintness in the optical passbands. We also find two visual pairs of probable Lupus 3 members that may be wide binaries.
Introduction
In the last years our understanding of the process of brown dwarf formation has considerably improved. Observations seem not to support the possibility that these objects form in circumstellar disks, like planets. They instead suggest that circum(sub)stellar disks, accretion and mass loss may be common phenomena in the substellar mass regime (e.g. Muench et al. 2001; Natta et al. 2002; Fernández & Comerón 2001; Comerón et al. 2003; Mohanty et al. 2003; Luhman et al. 2003; . Hence, since young brown dwarfs appear to have similar properties to low-mass pre-main sequence stars, they may be produced by a similar mechanism.
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objects. It is not clear how the accretion process stops before the central object becomes massive enough to start the hydrogen burning. Moreover, the observed star-brown dwarf and brown dwarf-brown dwarf binary frequencies are difficult to explain with a simple extrapolation of the low-mass star formation models (e.g. Close et al. 2003; Bouy et al. 2003) .
It has been suggested that the characteristics of the environment may play an important role in the formation of brown dwarfs. For instance, Lucas & Roche (2000) argue that winds from the massive stars in Orion might have evaporated the gaseous envelopes of the nearby star forming cores, preventing them from growing over the hydrogen burning mass limit. This would also explain why few brown dwarfs are known in the Taurus star forming region, which does not contain such massive stars (Briceño et al. 1998; Martín et al. 2001) . In Chamaeleon I, though, we do not find any clear relationship between the brown dwarfs and the intermediate mass stars in the cloud, because they are also found near a cloud core devoid of optical objects (López Martí et al. 2004 , hereafter Paper 1). The possibility of formation of free-floating substellar objects by photo-erosion of protostellar cores has been studied by Whitworth & Zinnecker (2004) , who conclude that this mechanism should be very efficient in producing large numbers of brown dwarfs, operating over a wide range of conditions. However, it requires a relatively massive initial core to form a single low-mass object. Reipurth & Clarke (2001) proposed that brown dwarfs are stellar embryos ejected from multiple systems by dynamical interactions. This hypothesis is supported by several numerical simulations (e.g. Bate et al. 2002; Delgado Donate et al. 2003) . In a recent paper, Kroupa & Bouvier (2003) use available observational results and theoretical considerations to favour the ejection scenario as the probable origin of the different brown dwarf populations of Taurus and Orion. However, their analysis yields a number of brown dwarfs per star that is lower than inferred by independent measurements of the substellar mass function in the Galactic field.
To distinguish between these suggested brown dwarf formation scenarios it is crucial to obtain unbiased estimates of the substellar mass function from observations of statistically complete and homogeneous populations of very low-mass stars and brown dwarfs in various regions. Star forming regions are of particular importance since their youth ensures that their members have not yet suffered from strong dynamical evolution of the entire region.
The Lupus dark cloud complex consists of five molecular clouds, named Lupus 1 to 5 (Tachihara et al. 1996) , seen as streams or dust lanes in optical and near-infrared images. At least 65 T Tauri stars are known within the complex (e.g Schwartz 1977; Krautter 1991; Hughes et al. 1994) , most of them concentrated in the Lupus 3 cloud. Two A-type stars, HR 5999 and HR 6000, are seen towards the centre of this cloud. Their membership of the region is controversial, though, because the measured distance to these stars is in disagreement with other distance estimates to the complex (e.g. Crawford 2000) .
A peculiarity of Lupus is that the distribution of spectral types for the stars in these clouds is dominated by mid M-type objects, in contrast to other star forming regions like Taurus-Auriga, which contain many late K-type T Tauri stars, as noted by many authors (e.g. Appenzeller et al. 1983; Hughes et al. 1994; Wichmann et al. 1997) . For this reason, Lupus appears as a very promising region to search for young brown dwarfs. Recently, Comerón et al. (2003) reported a bona-fide brown dwarf, Par Lup3-1, from a small Hα survey around the stars HR 5999 and HR 6000. A recent survey in the near-infrared by Nakajima et al. (2000) has also provided some brown dwarf candidates. In this paper we present the results from our multiband survey for brown dwarfs in the Lupus 3 cloud. The method followed is the same as in our previous survey in Chamaeleon I (Paper 1). The current paper is structured as follows: Our observations are described in Sect. 2. The candidate selection and brown dwarf identification are explained in Sect. 3. In Sect. 4 we analyse the observed spatial distribution of our objects and the frequency of binaries. Their Hα emission properties are discussed in Sect. 5. Finally, Sect. 6 summarises our conclusions.
Observations
An area of about 1.6
• was observed in the Lupus 3 cloud with the Wide Field Imager (WFI) at the ESO/MPG 2.2 m telescope on La Silla Observatory (Chile). The surveyed area corresponds to five WFI fields, each of 34 ′ × 33 ′ in size (see Fig. 1 ). Four of the fields (Lup3-6, 7, 8 and 9) define a rectangle centred on the cloud core, seen as an elongated dust lane in our images. The two A-stars HR 5999 and HR 6000 are placed in the southern part of the field Lup3-6. The Lup3-5 field lies towards the southwest of this area, also following the orientation of the core. Table 1 contains the coordinates of the WFI field centres and the date of observation for each field. The observations were carried out in the same three nights as our analogous survey in Chamaeleon I (Paper 1). We observed in two broad-band filters, R and I, in a narrow-band filter centred in the Hα emission line (Hα/7), and in two medium-band filters, M855 (855/20) and M915 (915/28). The last two allow for a photometric spectral type classification (see Sect. 3.2 below). For each field and filter, except for Hα, three images with different exposure times were taken (see Table 2 ). In the case of Hα, we took only two different exposures per field.
Data reduction, object search, and photometry were performed within the IRAF environment 1 in the way explained in Paper 1. After the standard reduction (bias subtraction and flatfield division), all images were divided through an illumination mask to correct for an irregular illumination pattern. For the reddest filters (I, M855, and M915), it was also necessary to subtract a fringe mask to correct for the strong fringing pattern. For each filter, both masks were created by combination of the science exposures as explained by .
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We ran SExtractor (Bertin & Arnouts 1996) to produce an object catalogue of each surveyed field. For the photometry, the DAOPHOT package was used (Stetson 1987) . PSF photometry was performed in order to also measure close pairs of objects. The broad-band photometry was calibrated with Landolt (1992) standard stars. The extinction coefficients from the fit of these stars for the R and I bands were also used to perform a correction for atmospheric extinction of the Hα and the M855 and M915 photometry, respectively. No set of standard stars is available for our narrow and medium-band filters. For a better understanding of the emission properties, the Hα instrumental magnitudes were then shifted so that the main locus of the objects in each surveyed field corresponds to Hα-R= 0 in a (Hα, Hα-R) colour-magnitude diagram (see Sect. 3). The mean error in this shift is of less than 0.01 mag for the fields Lup3-6, Lup3-7 and Lup3-8, and of about 0.05 mag in the fields Lup3-5 and Lup3-9. This value is comparable to the mean photometric error (see below). We estimate that our survey is complete down to R≃20 mag and I≃19 mag.
As discussed by Alcalá et al. (2002) , the WFI chip-tochip photometric variations can be as high as 3% in the broad-band filters and 5% in medium-band filters. This is the main error source in our photometric calibration, since only a global fit for all the chips could be performed with the Landolt standard stars. Moreover, a systematic offset was found between images with different exposure times, in the sense of the resulting luminosities being brighter (typically by about 0.05 mag) for longer exposure times. The origin of this offset is so far unknown. To minimise this systematic error, we determined the offsets between the three different integration times, and then shifted the short and long integration times to the system of the medium integration.
The errors in the completeness range are in general not larger than 5%. A more detailed discussion of the calibration procedure and the sources of the photometric errors can be found in Paper 1.
Due to problems with the shutter, several Lup3-7 and Lup3-9 images (including the long and intermediate Iband exposures, necessary for the object selection) exhibit some darker regions at the field edges. Objects in these regions will not be considered in the following analysis.
Brown dwarf candidates

Candidate selection
In Paper 1, candidate members of Chamaeleon I were selected around an empirical isochrone defined by the previously known brown dwarfs and very low-mass stars in the cloud in a (I, R-I) colour-magnitude diagram. In Lupus 3, however, there is no sample of known brown dwarfs that could be used for this purpose. Hughes et al. (1994) provide broad-band RIJHK photometry of a sample of known T Tauri stars in the cloud, but most of these bright objects are saturated in our images. Therefore, we had to rely on the theoretical models in this case. Candidate members of Lupus 3 were thus selected around an isochrone from the models of Chabrier et al. (2000) . To do this, we needed an estimation of both the extinction and the distance to this star forming region. Hughes et al. (1994) estimated the individual extinction values towards the Lupus stars in their study. We used these data to derive an average extinction of A V =0.86
in our surveyed region. With this value, and using the following relations:
(1)
derived from the extinction law of Rieke & Lebofsky (1985) , an average colour excess of
was computed for the Lupus objects. It must be noted here that Rieke & Lebofsky's work uses the Johnson R and I filters, while the system used in this paper is closer to the Cousins one. However, tests using the extinction law of Mathis (1990) showed that the sample of selected objects would not be affected by the use of one or the other extinction law. There has been some debate about the actual distance to the Lupus clouds. Values between 130 and 220 pc can be found in the literature (see e.g. Crawford 2000 for a discussion). Since our extinction estimate is based on the work by Hughes et al. (1994) , we will consider, for consistency, the distance given by these authors, 140±20 pc. Within the quoted errors, this value is consistent with most of the more recent measurements (see e.g. Crawford 2000; Comerón et al. 2003) . However, as discussed later in this paper, this might be an underestimation of the true distance to Lupus 3 (see Sect. 3.2 below). For clarity, only a random selection of the background objects has been plotted. Brown dwarf candidates are selected around two isochrones from the models of Chabrier et al. (2000) corresponding to the ages of 1 and 5 Myr (thin and thick solid line, respectively). Objects with and without detected Hα emission are marked with solid and open circles, respectively. The dashed lines indicate the range in colour around the isochrones taken as limit for the candidate selection, while the dotted line is the empirical isochrone used for candidate selection in Chamaeleon I. The crosses indicate the average errors. Note that objects fainter than I=20.0 mag (corresponding to planetary masses) are not considered in the candidate selection. The theoretical models place the stellar/substellar boundary at I≃ 14 mag for the distance, extinction, and age interval considered.
1 Myr and a 5 Myr isochrone from the Chabrier et al. (2000) models, shifted to the estimated distance and extinction of the cloud. These isochrones span the age range of the Lupus stars. The dashed lines indicate the position of the isochrones according to the upper and lower limits for the extinction derived in the above calculation. A large number of objects are found between these two lines. Note that there are very few objects to the right of this area; the density of objects is also clearly diminished left of our search area with respect to the main locus of objects seen in the field. Hence, our extinction estimate appears as a reasonable approximation.
In the Lup3-5 field, objects on top of the third CCD chip have bad flux measurements in the long R exposure due to a badly subtracted background. The consequence was that these objects had too faint R magnitudes and thus appeared very red in the (I, R-I) diagram and very blue in the (Hα, Hα-R) diagram. Visual inspection showed, however, that these objects were similarly bright in R and I, and thus very unlikely cloud members. Therefore, they were rejected from our candidate list, and are not included in the colour-magnitude diagrams of Figs. 2, 3 and 4. Excluding these objects, we have 85 candidates.
We can compare the diagram in Fig. 2 with the (I, R-I) colour-magnitude diagram for Chamaeleon I (Fig. 2 in Paper 1). The dotted line in Fig. 2 indicates the position of the empirical isochrone used for candidate selection in Paper 1. Not unexpectedly, given that both regions are at similar distances, this line is almost coincident with the 1 Myr isochrone, except for the faintest objects, for which the R-I colour saturates according to the theoretical models. However, as discussed in detail in Paper 1, the uncertainties in the colours for the faintest objects are large, due both to the photometric errors and to the lack of standard stars that are red enough for a good photometry calibration in this range. This fact may have implications for the contamination with background objects among our faintest candidates, as discussed below.
All the found objects are fainter than I∼14 mag. According to the Chabrier et al. (2000) models, this magnitude roughly corresponds to the stellar/substellar boundary (M≃0.075 M ⊙ ) at the assumed age (∼2 Myr, see e.g. Wichmann et al. 1997 ) and distance of Lupus 3 (140 pc). The effective temperature given by these models for objects with this mass at this age is around 2900-3000 K, corresponding to spectral types around M6 according to the scale of Luhman (1999) . Thus, if these candidates are indeed members of the star forming region, they must lie close or beyond the star/brown dwarf transition.
Since Lupus 3 is a nearby dark cloud, we do not expect, in principle, a high contamination from foreground and background objects. Simulations of the Galaxy population using the Besançon models (Robin & Crezé 1986; Robin et al. 2003) towards the direction of the Lupus complex yield between 6 and 15 objects in the region of interest of the (I, R-I) colour-magnitude diagram. Taking the most conservative result, we would expect that only around 15% of our candidates should be non-members of the star forming region. However, the colour uncertainties for our faintest objects mentioned above very probably increase this percentage at the lower magnitude limit of our survey. Given the large errors for the faintest objects, we stopped our candidate selection at I≃ 20 mag in Fig. 2 . Since the Chabrier et al. (2000) models place the planetary mass limit at around this value for our estimated age, distance, and extinction, we do not expect to have planetary mass objects among our candidates.
To confirm the youth of our objects, we tested their Hα emission. As shown in Paper 1, there is a relation between the Hα-R colour index and the logarithm of the equivalent width of the Hα emission line, log EW(Hα): In general, the bluer (i.e., more negative) the Hα-R colour, the stronger the Hα emission. Observations of previously known brown dwarf candidates in Chamaeleon I showed that objects with Hα equivalent widths of 11Å already present Hα-R colours bluer than the main locus of objects in the field (see Paper 1 for details). Fig. 3 shows the (Hα, Hα-R) colour-magnitude diagram for our Lupus survey. Many of the brightest objects exhibit clear Hα emission, i.e. negative values of the Hα-R colour index. Some objects are clear non-emitters, having positive values of the Hα-R colour index. A number of the faintest candidates also seem to have Hα emission, but this is very uncertain due to the large photometric errors; therefore, except for an object with an apparent near-infrared excess (see Sect. 3.3 below), they were not further considered. Moreover, twenty-two of the faintest objects are not detected in our Hα images; hence, they do not appear in Fig. 3 . Since nothing can be said about their emitting properties, these 22 faintest objects were also excluded from our study.
For the brightest objects in Fig. 3 , we applied the same criterion as Lamm et al. (2004) , retaining the objects with
as probable cloud members. We discarded all the faintest candidates (Hα >20.5 mag), because the large errors at the lower part of the colour-magnitude diagram do not allow us to discriminate between emitters and non-emitters.
Our final sample contains 22 stars and brown dwarf candidates. Note that more than 65% of the objects detected in our Hα images do not seem to have Hα emission according to this criterion. Such a low fraction of objects with Hα emission is not surprising. In NGC 2264, which has an age (1-3 Myr) very similar to Lupus 3, Lamm et al. (2004) found only 18% of strong Hα emitters among their low-mass stars with masses M < 0.25M · On the other hand, some objects might have Hα emission levels too low to be reliably detected with our data. Moreover, not all young objects show Hα emission. The scarcity of Hα emitters among very low-mass stars in other star forming regions suggests that many of the remaining objects from our initial candidate sample belong to the star forming region. Hence, future observations are likely to increase the number of very low-mass members in Lupus 3. 
Spectral types
Our medium-band filter M855 lies in a spectral region including the TiO and VO absorption bands used to classify M-type objects (see Kirkpatrick et al. 1991 ). The filter M915 covers a pseudocontinuum region in these latetype objects. In Paper 1, we showed that there is a relation between the M855-M915 colour index and the Msubspectral type using synthetic photometry from the models of Baraffe et al. (1998) . In the range M4-M9, a linear fit is a good approximation of this relation. The corresponding correlation coefficients were determined using photometry of known objects of late spectral type. On the other hand, for spectral types earlier than M4 the M855-M915 colour saturates, because the TiO and VO features are not prominent or not present at all in the spectra. A second correlation, of opposite sign, was found for spectral types L0-L2, due to the progressive disappearance of the TiO and VO from the spectra. In this case, however, the uncertainties are larger than for late M-type objects, given that extincted early M-type objects would be placed in the same region of the colour-magnitude diagram.
This method enabled us to derive spectral types for our brown dwarf candidates from their position in a (M915, M855-M915) colour-magnitude diagram. We estimated an error of 1-2 subclasses in this calibration. A detailed discussion of this photometric spectral type classification, its error sources, and its limitations can be found in Paper 1. Fig. 4 shows the corresponding (M915, M855-M915) colour-magnitude diagram. The vertical lines indicate our scale for the spectral type determination. It is evident from this figure that most of our objects have spectral types M4-M5, thus lying above, but close to, the substellar boundary. A few objects have spectral types M6 or later, being brown dwarfs or brown dwarf candidates. A "turning back" towards the left, which could be indicative of the beginning of the L spectral sequence, is seen for the faintest objects. This change of tendency happens at a similar M915 magnitude as in the case of Chamaeleon I (Fig. 8 in Paper 1), as expected if both clouds have similar age, distance, and average extinction.
About one half of the fainter candidates are found at the lower left part of the diagram, in the main locus of the objects seen in the surveyed field. In this group, only Lup 654 and Lup 706 seem to have Hα emission. The other two or three objects in the lower part of the diagram do not show clear Hα emission in Fig. 3 . Except for Lup 642, which shows a near-infrared excess and apparently no extinction (see below), they could not be confirmed as cloud members, and are thus rejected.
The WFI photometry results, spectral types, and classification for our 22 new Lupus 3 members are summarized in Table 3 . As in Paper 1, all objects with spectral types earlier than M5.5 (16 objects) are classified as very lowmass stars. Four objects lie in the transition from stars to brown dwarfs with spectral types between M6 and M6.5. Three objects Lup 642, Lup 654, and Lup 706, have estimated spectral types later than M6.5. Although they are considered brown dwarf candidates in the subsequent discussion, it must be kept in mind that their spectral types (all later than M9) are very uncertain.
Note that the largest group of objects corresponds to spectral type M5, as expected from the characteristics of the Lupus region. As mentioned in Section 1, the Lupus 3 cloud is particularly rich in mid M-type objects. It is remarkable, though, that the new members in Table 3 are in general fainter than expected for their estimated spectral types: As stated in the previous section, with the assumed distance and extinction, an object with I≃14 mag should be of spectral type M6 according to the theoretical models. However, for such objects (see e.g. Lup 915 in Table 3) we derive a spectral type M4, about 2 subclasses earlier than the theoretical prediction, although still marginally coincident with the expectations (we estimate an error of about 2 subclasses in our classification).
The discrepancy between the luminosities predicted by the theoretical models and our results cannot be explained by the photometric errors alone. It may be a consequence of the underestimation of the average extinction in the cloud (see Sect. 3.1). To obtain the measured magnitudes, A V should be about 4.5 mag, a value not unusual in star forming regions. This would also affect our derived spectral types, because the objects would appear redder and fainter, and hence of later spectral type, in our colourmagnitude diagram (see discussion in Paper 1). However, most of our objects do not seem to be highly extincted (see Sect. 3.3). It may also be that the distance to Lupus 3 has been underestimated. At 200 pc and with the extinction estimate from Sect. 3, a M4 object would have I≃13 mag, which is closer to our measured values. Indeed, comparison of the predictions of the Lyon models (Baraffe et al. 1998 ) with the photometry and spectral types of the mid M-type stars studied by Hughes et al. (1994) , whose dis-tance value has been taken in this work, seems to indicate that, if the extinctions given by these authors are correct, the objects are too faint for their spectral types. For instance, Sz 112, a M4 star with an estimated extinction of A V =0.85 mag, very close to our assumed average value, has according to Hughes et al. (1994) an I-magnitude of 13. This also hints to a wrong distance estimate.
A further possibility would be that these objects appear underluminous for their spectral types due to surrounding dust or accretion. Such objects have been reported in other star forming regions (e.g. Fernández & Comerón 2001; Luhman et al. 2003) . Although it seems unlikely that most of our Lupus members are affected by such underluminousity, only reported for a minority of objects so far, the possibility cannot be completely excluded without a safer distance and age determination.
There are not many previous optical surveys in Lupus 3 that are deep enough to be compared with our study. We recovered one object from the list provided by Hughes et al. (1994) , Sz 113 (Lup 609s). Our derived spectral type for this object (M5) is later but still consistent, within our estimated errors, with the classification of these authors (M4). On the other hand, Comerón et al. (2003) estimate an even later spectral type (M6) for the same object. They suggest that the discrepancy between their result and that of Hughes et al. is due to the different spectral ranges used to perform the classification. In view of this, we decided to keep our derived spectral type for this object. The classifications by other authors are given in a footnote to Table 3. Other objects from Hughes et al. (1994) seen in our images are too bright and hence saturated. Comerón et al. (2003) reported on four new Lupus 3 members identified in a spectroscopic survey of a small area around HR 5999 and HR 6000. Of them, one (ParLup3-2) is not present in our images because it falls in an interchip gap. The other three have R-I colours that place them at the edges of our selection band in Fig. 2 . While Par-Lup3-4 has a relatively blue R-I colour that may be caused by its very high Hα emission, Par-Lup3-1 and Par-Lup3-3 are placed to the red of our objects in the (I, R-I) colour-magnitude diagram. Since these objects are all placed in a small area around the stars HR 5999 and HR 6000, in a region of high extinction in the Lupus 3 cloud, this might indicate that we are missing highly extincted objects with our selection criteria. However, as commented in Section 3.1, there are not many objects towards the right of our selection band, so this loss should not be very significant. Moreover, objects with very red R-I colours ( 3 mag) are more likely to be background stars seen through the dark cloud. 
Infrared detections
We made use of the database of the 2MASS survey 3 to look for near-infrared counterparts of the 102 objects (with and without Hα emission) in our initial candidate list. In this way, we intended not only to further confirm the youth of our 36 Hα emitters, but also to eventually identify new candidate cloud members. We found 40 positive detections, of which 27 are objects without detectable Hα emission from their Hα-R colours. All 2MASS sources are placed at distances not larger than about 1 ′′ from the given positions for our objects, hence the crossidentifications are very reliable in all cases. 0.02-0.03 in all three bands. In total, about 50% of the stars and all the transition objects from Table 3 are detected by 2MASS. Two of the brown dwarf candidates are also found. Above I≃19 mag, more than 70% of the objects were detected by 2MASS, the missing objects in this range being all placed in the outer parts of the cloud. This is not unexpected, because in those regions the K magnitude for a given I magnitude should be fainter due to lower reddening. Most of the WFI candidates not detected in the infrared belong to the faintest optical sources; hence, they probably lie below the 2MASS detection threshold. Fig. 5 shows the (J − H, H − K) colour-colour diagram for our 2MASS objects. Objects with and without Hα emission are marked with different symbols. The solid lines indicate the position of the main sequence stars according to Bessell & Brett (1988) . The positions of a 1 Myr isochrone from the Baraffe et al. (1998) models for several values of extinction are also indicated.
A degeneracy in the near-infrared colours exists between main sequence late-type dwarfs and giants and premain sequence low-mass stars. On the other hand, no matter whether they are true Lupus members or not, the objects in Fig. 5 are not equally extincted. All the objects without Hα emission have moderate to high values of A V ( 5 mag). Most of them are found along the reddening line for giants (upper dotted line); hence, given the lack of Hα emission, they are probably obscured stars seen through or at the edges of the dark cloud. In contrast, most of the Hα emitters are found at low or zero values of extinction, consistent with our selection criterion from Fig. 2 . Three objects with Hα emission are placed at values of A V between 2 and 5 mag.
Only one object, Lup 642, seems to have a nearinfrared excess according to the colour-colour diagram in Fig. 5 . This detection suggests its belonging to the Lupus 3 cloud, despite not having clear Hα emission. However, this object lies very near a previously known Lupus T Tauri star (see Sect. 4.2) , also detected by 2MASS, and its near-infrared photometry might be contaminated by this brighter source.
No other object from our initial sample shows excess emission in the near-infrared. Such an excess is commonly detected in young objects and has its origin in a circum(sub)stellar disk. It must be noted, however, that the non-detection of a near-infrared excess does not automatically exclude an object from having a disk. We will discuss this fact later in Sect. 5. In analogy to the analysis performed for Chamaeleon I, we have counted the number of objects at different distance bins from the intermediate-mass stars; the histograms derived from these counts are shown in Fig. 6 . Two maxima are found at 5-10 ′ and 15-20 ′ from the intermediate mass stars, corresponding to the cluster of very low-mass objects seen around HR 5999 and HR 6000 in Fig. 1 . The three brown dwarf candidates are all placed within this distance. Further away, the numbers of stars decrease. We remark that the bins include all objects at a given distance in all directions. Inspection of Fig. 1 shows that, in fact, the objects further than about 15-20 ′ are not concentred in one particular area. At shorter distances, however, most of the objects are seen along the dark ridge, a region of higher density in the cloud (see e.g. Tachihara et al. 1996) . Note also that there might be some incompleteness in the first bin (distances 0-5 ′ ), because very close faint objects might be blended by the brighter intermediate-mass stars.
Spatial distribution
Observed distribution
Although some objects are found far from the cloud core, it is clear from Figs. 1 and 6 that most of the Lupus members, and particularly the brown dwarf candidates, are still very close to their birth site. This distribution does not seem to support the ejection model of Reipurth & Clarke (2001) unless, as argued by Kroupa & Bouvier (2003) , dynamical interactions between members are able to keep the ejected brown dwarfs within the cluster. Kroupa & Bouvier (2003) successfully explain why a large number of these objects are found in the starrich Orion clusters, but not in the more sparse TaurusAuriga star forming region. However, Lupus (and also Chamaeleon I) is an intermediate case between these two. Detailed calculations for this region should be performed before stating whether dynamical interactions could have retained the ejected brown dwarfs also in this cloud.
The association with the intermediate mass stars might be accidental, since their belonging to the cloud is not clear: Several distance measurements yield a value of about 190-220 pc for these stars (see Wichmann et al. 1998; Crawford 2000 , and references therein), inconsistent with other estimations of the distance to the Lupus clouds (between 140 and 160 pc). On the other hand, in Paper 1 no clear relationship could be established between the very low-mass objects and the intermediate mass stars in Chamaeleon I; the former were found near the dark cloud cores, independently of the presence of higher mass stars in these cores.
Wide binaries
To check the existence of multiple systems among our objects, we first derived the average surface density in our surveyed area. Then we computed the minimum distance at which an object should have a neighbour if the distribution were completely uniform. In this way, we estimated a maximum separation of about 5.
′′ 5 (about 770 AU for a distance of 140 pc) to look for binary candidates.
Despite their clustering around the cloud cores, few visual pairs are found among our probable Lupus members. Only two objects, the transition object Lup 818s (M6) and the faint brown dwarf candidate Lup 642, are seen near a previously known Lupus star: The former lies at about 4 ′′ (∼560 AU) of Sz 119, while the latter is found at about 6 ′′ (∼840 AU) of Sz 114. The visual binary frequency of Lupus 3 is thus very similar to that of Chamaeleon I, where also only a few possible systems were seen (Paper 1).
Only precise proper motion and radial velocity measurements showing common space motion may enable us to decide if these pairs are true physical binaries. It is remarkable, though, that in both Lupus 3 and Chamaeleon I the binary candidates have a separation very close to the upper limit separation estimated for each cloud.
4 This might indicate that there is no real physical connection between the two members of these visual pairs.
Hα emission
As explained in Sect. 3, the value of the Hα-R colour index is related to the equivalent width of the Hα line and hence, to the intensity of the Hα emission. The distribution of the Hα-R colour with the spectral type is shown in Fig. 7 . The data seem to indicate an increase of the Hα emission with later spectral type, but the lack of objects of late M spectral type does not allow a definitive conclusion. Even if this were the case, we caution that the apparent higher emission might just be the effect of a lower continuum. Moreover, the two possible L-type objects have very different values of the Hα-R colour index, which could be an indication of contamination with earlier type, highly extincted objects. Even with these uncertainties, it is remarkable that no decrease of the emission (and thus probably also the accretion rate, as discussed below) is seen across the substellar boundary.
This can be better analysed by directly considering the Hα flux and/or luminosity of our objects. Following Paper 1, we computed a pseudofluxF Hα as:
where m Hα denotes the Hα (instrumental) magnitude, and F 0 is a hypothetical Hα absolute flux. We remark that this is a flux derived from the magnitude measured in our Hα band, and not the flux in the Hα spectral emission line, which can only be determined with spectroscopy. From this quantityF Hα , a Hα "pseudoluminosity"L Hα was computed using the distance estimate of 140 pc.
The upper panel in Fig. 8 shows the Hα pseudoflux as a function of the spectral type for our Lupus objects. The data apparently indicate a decrease of logF Hα with later spectral type. This is probably just the expression of the progressive faintness of our objects. Indeed, if we plot L Hα /L bol instead, which should not be dependent on the distance or radius of the objects, no significant decrease of the emission with the spectral type is seen any longer (see lower panel in Fig. 8 ). An analogous behaviour was observed also in the Chamaeleon I cloud (cf. Fig. 14 in Paper 1). To obtain the bolometric luminosities, we have followed the method outlined by Comerón et al. (2000) , using a distance value of 140 pc and R-I intrinsic colours from Kenyon & Hartmann (1995) and Zapatero Osorio et al. (1997) .
Since the Lupus members have Hα emission properties similar to the Chamaeleon I objects, this emission must have a similar origin in both clouds. In the case of Chamaeleon I, the strongest emitters were shown to have a reported mid-infrared excess; hence, their Hα emission is most likely due to accretion from a circum(sub)stellar disk. It seems thus plausible that also the Lupus objects are accreting from a disk. It is remarkable in this context that only one of our objects detected by 2MASS may have a near-infrared excess, a common indication of the presence of a disk around a pre-main sequence star. Nonetheless, several recent works (e.g. Comerón et al. 2000; Natta & Testi 2001; Natta et al. 2002; Paper 1) show that clear near-infrared excess is not always detected in objects with such cool photospheres. Hence, observations in the mid-and far-infrared might reveal disks around the Lupus objects.
If confirmed as an intrinsic property of the objects (and not caused by a wrong distance or age estimation), a further indication of ongoing accretion would come from the apparent underluminosity of our new Lupus members (Sect. 3.2). Underluminous objects have been reported by other authors (e.g. Fernández & Comerón 2001; Luhman et al. 2003; Comerón et al. 2003) . They typically show indications of accretion (and sometimes also mass loss) in their spectra, particularly a prominent Hα emission line. Comerón et al. (2003) discuss several possible origins for this apparent underluminosity, such as light scattering by a circum(sub)stellar disk seen edge-on or extinction through a dusty envelope. They finally suggest that the evolution of these objects may be critically affected by the accretion process, thus making them appear fainter than the predictions of the theoretical models, which are based on too simplified assumptions. Clearly, spectroscopy of our Lupus objects will be very useful to clarify their nature.
Outflows or chromospheric magnetic activity may also contribute to the observed amount of Hα emission from our objects. It is not possible, however, to disentangle the mechanisms possibly responsible for this emission with the available data.
Conclusions
We have performed a survey for very low-mass objects in the Lupus 3 dark cloud. In an area of about 1.6
• we found 19 new stellar and 3 brown dwarf candidate members.
Like in Chamaeleon I, the Lupus low-mass objects are mostly located near the cloud core, with no evident signs of luminosity segregation. There is no obvious decrease of the Hα emission for the objects with the latest spectral types. The emission properties of the new Lupus members resemble those of the Chamaeleon I members. This indicates a similar origin, most probably accretion. However, in our analysis of the 2MASS data we find only one object which could have a near-infrared excess. Nonetheless, given that circum(sub)stellar disks are not always revealed by near-infrared photometry, we expect that many of our objects with Hα emission (if not all of them) may turn out to have disks in future mid-and far-infrared surveys.
The most important caveats in our study are, on one side, the uncertainties in the distance and extinction of the Lupus 3 members, and, on the other, the uncertainties in our photometric spectral type classification, especially for the faintest objects in our sample, that might be affected by extinction. We particularly remark that in general our objects appear too faint for their estimated spectral type according to the theoretical models. While the most probable reason for this discrepancy is a wrong distance estimate, we cannot rule out that the underluminosity is intrinsic to the objects and caused by the presence of circumstellar disks seen edge-on. It is thus mandatory to perform spectroscopy to better constrain the true nature of our candidates and to further study their properties.
